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Summary
Length measurements of preserved ﬁshes are necessary in
many types of ﬁsh surveys because logistics often do not allow
for ﬁsh measurement immediately after catch. If the ﬁxative
causes signiﬁcant shrinkage, then the preserved lengths cannot
be directly used to indicate accurate live lengths. The objective
of this study was to determine how preservation in formalin
aﬀects standard length of Gobiocypris rarus larvae (24-day-old
and newly hatched), larval Procypris rabaudi (4-day-old), and
larval Sinilabeo rendahli (12-day-old). Fishes were measured
(to nearest 0.01 mm) and individually ﬁxed in the appropriate
formalin solution (2.5% or 5.0% formalin), then re-measured
at 0.5, 1, 3, 7, 14, 30, 45 and 75 days after preservation to
follow the time course of shrinkage. Most of the shrinkage
occurred within the ﬁrst half day after preservation. The 5.0%
formalin caused a higher relative shrinkage rate than did the
2.5% solution; however, the diﬀerence was not statistically
signiﬁcant. In G. rarus, initial shrinkage of newly hatched
larvae was higher than that of 24-day-old larvae.
Introduction
Length measurements of preserved ﬁshes are necessary in
many types of ﬁsh surveys because logistics often do not allow
for immediate measurement of ﬁsh after catch. Fixation and
preservation techniques often cause changes in the length,
weight and quality of larval samples in most ﬁsh species and in
diﬀerent ways (Parker, 1963; Billy, 1982; Fowler and Smith,
1983; Oozeki and Hirano, 1988; Cunningham et al., 2000). If
the ﬁxative causes signiﬁcant shrinkage, then the preserved
lengths cannot be used to indicate accurate live lengths. In
order to apply correction factors, it is necessary to determine
the time course of shrinkage for conversion from preserved to
fresh measurements.
Numerous studies demonstrated that shrinkage of larval ﬁsh
preserved in formalin varied among species (Rosenthal et al.,
1978; Schnack and Rosenthal, 1978). Further examples are
cisco Coregonus artedii larvae preserved in 10% formalin and
which shrank about 1.5% (Hile, 1936). Brook trout Salvelinus
fontinalis and brown trout Salmo trutta preserved in 10%
formalin shrank by about 5% (Shetter, 1936). Black crappie
Pomoxis nigromaculatus shrank 1.9% and yellow perch Perca
ﬂavescens shrank 1.8% when preserved in 10% formalin
(Johnson and Swanson, 1974). Although most studies found at
least some shrinkage of larval ﬁsh preserved in formalin, larval
Sarotherodon mossambicus actually increased 1.7% in length
when preserved in 10% formalin for 5 days (Billy, 1982).
Shrinkage of larval ﬁsh preserved in diﬀerent concentrations
of formalin also varied in specimens of the same species. There
was a 2.2% shrinkage of larval inland silversides Menidia
beryllina in 5% formalin and a 3.2% shrinkage in 10%
formalin (Cunningham et al., 2000), while 100-mm sea lam-
prey Petromyzon marinus larvae shrank 3.8% in 5% formalin
and 4.3% in 10% formalin (Morkert and Bergstedt, 1990).
Paciﬁc herring Clupea harengus pallasi larvae shrank 1.2% in
5% formalin and 2.2% in 10% formalin after having been
stored for 10 days (Hay, 1982).
In the present paper, the larvae of three endemic ﬁsh species
in the Yangtze River, Gobiocypris rarus, Procypris rabaudi, and
Siniabeo rendahli, were used for observations of shrinking rates
when preserved in diﬀerent concentrations of formalin solu-
tion. Our objectives were to observe how preservation in two
diﬀerent concentrations of formalin aﬀected standard length in
the three endemic laboratory-reared ﬁsh species, i.e. time
course of shrinkage, impacts of diﬀerent concentrations of
formalin on the larvae, shrinkage rates of diﬀerent ﬁsh species
larvae preserved in formalin, correction factors when calcula-
ting live measurements from preserved ﬁsh, and providing
reference data for choosing the ﬁxative when preserving these
three ﬁsh species.
Materials and methods
Obtaining larvae
The G. rarus parental ﬁsh were captured in Sichuan Province
in 2001 and transported to the laboratory at the Institute of
Hydrobiology, Chinese Academy of Sciences in Wuhan City,
Hubei Province. The ﬁsh were fed with live earthworms and
reared in a recirculation system with water temperatures
ranging from 18C to 29C under controlled conditions. Ten
newly hatched G. rarus larvae were measured immediately
after hatching, then preserved in 2.5% formalin solution.
Another 32 larvae of 24-day-old G. rarus were reared in 0.5-
L cylindrical glass jars (diameter 12.5 cm and 6.5 cm height)
which were placed in a water bath at a temperature of
25 ± 1C. They were fed with earthworms and Artemia nauplii
hatched in our laboratory, then divided into two equal parts
and randomly preserved in 2.5% and 5.0% formalin solution.
Fifteen P. rabaudi eggs were fertilized at the Fisheries
Research Institute in Wanzhou, Chongqing City, then trans-
ferred to the laboratory in Wuhan, Hubei Province. Four-day-
old larvae were divided into two parts after hatching. Ten
larvae were preserved in 2.5% formalin, while ﬁve were
preserved in 5.0% formalin.
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Sinilabeo rendahli eggs fertilized on 27 April 2004, were
incubated and reared at the Yangqiao Fry Station in Luzhou
City, Sichuan Province. After hatching they were fed with egg
yolk and zooplankton. Water temperature ﬂuctuated between
21 and 22.5C. On 10 May 2004, 282 larvae were transported
to Wuhan, Hubei Province by air. Twenty-four 12-day-old
larvae were divided into two equal parts and preserved in 2.5%
and 5.0% formalin solution.
Fixative
The 2.5% neutral buﬀered formalin ﬁxative was prepared
by diluting the 5.0% neutral buﬀered formalin (25 ml form-
aldehyde, 475 ml RO water, 9.0 g Na2HPO4Æ12H2O, 1.5 g
Na2H2PO4).
Length measurements
All larvae were photographed under a stereo microscope
equipped with a camera (Nikon 4500). Standard length (tip of
upper jaw to end of notochord) measurements were made to
the nearest 0.01 mm using ImageTools 3.00 Software. Live
larvae were anesthetized with MS222 prior to photographing
and measuring, and then placed individually into vials
containing the appropriate ﬁxative after photographing. All
larvae were again photographed and re-measured at 0.5, 1, 3,
7, 14, 30, 45, and 75 days after preservation to follow the time
course of shrinkage.
Analysis of variance (ANOVA) within diﬀerent concentrations
of formalin and among diﬀerent species was used to test for
changes between initial and preserved standard lengths after
75 days of preservation. The Fisher-LSD test was used to test
the signiﬁcance of shrinkage percentage after diﬀerent preser-
vation intervals. Shrinkage in the experiment was determined
by comparing the length of each larva after ﬁxation with the
live length as follows:
Percent shrinkage ¼ 1 length at time T
initial length
 100:
Results
The changes in standard lengths observed from the preservation
experiments are presented in Figs 1–4. The most signiﬁcant
reduction in length occurred during the ﬁrst 0.5 day, with the
mean larval length continuing to decrease throughout the
duration of the experiment but at a considerably slower rate.
Table 1 shows the mean shrinkage percent and Fisher-LSD test
results of four kinds of larvae during 75 days of preservation in
two formalin concentrations. The results indicate that there was
a large percentage of shrinkage in all larvae, except for
S. rendahli preserved in 2.5% formalin. The Fisher-LSD test
shows that the most pronounced length shrinkage occurred
during the ﬁrst 0.5 day of preservation, as is visually implied in
all graphics data. These diﬀerences in shrinkage percent after
0.5 days of preservation were signiﬁcant at the 0.05 level.
The 5.0% formalin caused more shrinkage than the 2.5%
formalin (Table 1). However, the diﬀerence in shrinkage
percent of G. rarus preserved in 2.5% and 5.0% formalin
was insigniﬁcant (d.f. ¼ 247.00, P ¼ 0.9176). The diﬀerence
in P. rabaudi was also not signiﬁcant (d.f. ¼ 125.00,
P ¼ 0.1665). Because the shrinkage percent of S. rendahli
preserved in 2.5% formalin was not signiﬁcant, statistical
analysis shrinkage percent of S. rendahli larvae preserved in
diﬀerent concentrations of formalin was unnecessary. The
diﬀerence in shrinkage percent after 75 days between 24-day-
old G. rarus larvae and newly hatched G. rarus larvae pre-
served in 2.5% formalin was signiﬁcant (F ¼ 6.40, P < 0.05).
Discussion
The observation that larval G. rarus and P. rabaudi shrank
over time when preserved in 2.5% and 5.0% formalin, with the
greatest shrinkage percent occurring in the ﬁrst 0.5 day, is
consistent with ﬁndings reported for other species. Sockeye
smolts, pink and chum fry, and pink and chum ﬁngerlings
(Oncorhynchus) stored in 3.8% formaldehyde solution shrank
within 12 h to 97% and by 30–40 days to 96% of their live
length, and further changes in length were not signiﬁcant
(Parker, 1963). Similar ﬁndings were reported by Rosenthal
et al. (1978) for red sea bream (Chrysophrys major) and for
Paciﬁc herring (Clupea pallasi; Schnack and Rosenthal, 1978).
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Fig. 1. Mean (±SE) standard lengths of 24-day-old G. rarus larvae
preserved in two concentrations of formalin (n2.5% ¼ 16,
n5.0% ¼ 16). Measurements taken on day 0 of preservation (initial
length), 0.5, 1, 3, 14, 30, 45, and 75 days after preservation
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Fig. 2. Mean (±SE) standard lengths of newly hatched G. rarus
larvae preserved in 2.5% formalin (n ¼ 10). Measurements taken on
day 0 of preservation (initial length), 0.5, 1, 3, 14, 30, 45, and 75 days
after preservation
174 M. Xiong et al.
Table 1 demonstrates the mean percent in shrinkage of four
kinds of larvae following the time course, showing conversion
from preserved ﬁsh lengths to live lengths. This is quite useful
in the three endemic ﬁsh species, because the standard lengths
are greatly aﬀected by the ﬁxatives. Diﬀerent species react
diﬀerently to storage in formalin. Larval G. rarus and P. rab-
audi showed much shrinkage when preserved in formalin,
whereas larval S. rendahli showed little shrinkage, which was
not signiﬁcant at the 0.05 level. The diﬀerence due to a species–
species response conforms with the report for larval dab
(Limanda limanada) and plaice (Pleuronectes platessa; Lock-
wood and Daly, 1975).
Although the three native ﬁsh species react diﬀerently to
preservation in formalin, they were similarly impacted by
diﬀerent concentrations of formalin. All three species dis-
played greater shrinkage when preserved in 5.0% than in 2.5%
formalin. Thus it is better to ﬁx ﬁsh specimens in lower ﬁxative
concentrations when fresh measurements cannot be taken.
A decrease in shrinkage magnitude with increasing size and
age of larvae was found in our experiment with diﬀerent ages of
G. rarus preserved in 2.5% formalin (Table 1). This is similar to
silver hake (Hay, 1982). The reason for greater shrinkage in
smaller and younger larvae may, in part, be associated with
diﬀerences in the degree of ossiﬁcation (Fowler and Smith,
1983; Yin, 1993). However, this phenomenon was not found in
inland silverside larvae (Cunningham et al., 2000).
Although we do not have a complete dataset for the two
species P. rabaudi, and S. rendahli, it is assumed that these
would perform similarly to G. rarus as they are closely related
species. Therefore, with some precaution, the shrinkage rates
for larger larvae and early juveniles may also be applied for
G. rarus, when an approximation with a complete dataset
becomes available.
The results of all shrinkage experiments indicate that
shrinkage rates of all larvae are high, except for S. rendahli
preserved in 2.5% formalin. Shrinkage of S. rendahli preserved
in 2.5% formalin is small, and larvae length ﬂuctuated greatly
during the preservation period. Relative shrinkage was insig-
niﬁcant at the 0.05 level; furthermore, standard deviations of
shrinkage were rather large, relative to the value of shrinkage
percent (Fig. 4, Table 1). This is possibly relevant to the
concentrations of formalin and coelomic ﬂuids in S. rendahli;
if the concentrations are equal, then the length ﬂuctuation is
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Fig. 3. Mean (±SE) standard lengths of 4-day-old P. rabaudi larvae
preserved in two concentrations of formalin (n2.5% ¼ 10, n5.0% ¼ 5).
Measurements taken on day 0 of preservation (initial length), 0.5, 1, 2,
5, 12, 30, 45, and 75 days after preservation
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Fig. 4. Mean (±SE) standard lengths of 12-day-old S. rendahli larvae
preserved in two concentrations of formalin (n2.5% ¼ 12,
n5.0% ¼ 12). Measurements taken at day 0 (initial length), 0.5, 1, 2,
9, 22, and 45 days after preservation. Trial preservation period started
with 12-day-old larvae (age 12 ¼ day 0 of preservation)
Table 1
Mean (±SE) percent shrinkage and Fisher-LSD test results after diﬀerent preservation times of four kinds of larvae over 75 days in two
concentrations of formalin solution
Species
Concentration
of formalin
[% (a)]
Mean (±SE) shrinkage (%) after preservation for
0 day 0.5 day 1 day 3 days 30 days 45 days 75 days
Gobiocypris rarus (age 0 days)
n ¼ 10 2.5 (0.05) 0 a 7.10 ± 1.02 bc 6.80 ± 1.01 b 9.30 ± 0.79 cd 8.50 ± 0.78 bcd 9.00 ± 0.95 bcd 9.60 ± 0.81 d
Procypris rabaudi (age 4 days)
n2.5% ¼ 10 2.5 (0.05) 0 a 5.60 ± 0.54 b 6.00 ± 0.49 bc 7.40 ± 0.81* cd 6.60 ± 0.54 bc 7.00 ± 0.71 bcd 8.50 ± 0.65 d
n5.0% ¼ 5 5.0 (0.05) 0 a 6.00 ± 1.34 b 7.60 ± 1.21 b 8.60 ± 0.93* b 7.20 ± 1.24 b 7.20 ± 0.37 b 8.00 ± 0.95 b
Sinilabeo rendahli (age 12 days)
n2.5% ¼ 12 2.5 (0.05) 0 a 0.92 ± 2.29 a 1.33 ± 1.91 a )0.66 ± 2.42* a 2.33 ± 1.79 a 2.00 ± 1.97 a
n5.0% ¼ 12 5.0 (0.05) 0 a 3.75 ± 1.24 b 4.92 ± 1.57 b 5.08 ± 1.28* b 6.08 ± 1.26 b 5.42 ± 1.56 b
Gobiocypris rarus (age 24 days)
n2.5% ¼ 16 2.5 (0.05) 0 a 5.88 ± 0.74 b 5.81 ± 0.73 b 6.31 ± 0.85 b 5.88 ± 0.96 b 6.63 ± 0.77 b 6.38 ± 0.87 b
n5.0% ¼ 16 5.0 (0.05) 0 a 6.19 ± 1.18 b 5.25 ± 1.03 b 6.63 ± 1.01 b 6.25 ± 0.93 b 6.56 ± 0.93 b 6.38 ± 1.09 b
*preserved for 2 days. Letters indicate signiﬁcant diﬀerences among the shrinkages after diﬀerent preservation time. If there are diﬀerent letters
between shrinkages, the diﬀerence is signiﬁcant.
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large. However, explanations and evidence have yet to be
determined. To some extent, the phenomenon is similar to
Sarotherodon mossambicus, where no shrinkage was observed
in the preserved ﬁsh (Billy, 1982). The reasons for this also
remain to be ascertained and demonstrated.
In conclusion, the length reduction of larval ﬁsh varies
greatly from species to species, and is in correlation with the
ﬁxative concentrations and also often with the time periods
(Schnack and Rosenthal, 1978). It is therefore necessary to
obtain speciﬁc data for the species under consideration.
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